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. Sampling methods
e South African mine project
e Deep underground labs



The Deep Terrestrial Biosphere -- ~25 years of
research

~ « Funding: U.S. Dept. of Energy, Nat’ |
Science Foundation, NASA, others

e Major Accomplishments
— Drilling and tracer technologies
— Extended known biosphere to >4 km
— Revealed biomass & biodiversity
— Isolates in culture collections

— Linked microbial activity with
geological interfaces

— Slow rates of subsurface microbial
activity
— Discovery of subsurface

lithoautotrophic microbial
ecosystems (SLIMES)
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FIGURE 4.22 Ranges of rates of in situ CO, production for vari-
ous surface and subsurface environments, as estimated by ground-
water chemical analyses and geochemical modeling. (Adapted from

Kieft and Phelps, 1997.)
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Deepﬁi 16

" or Researeh Questlons
(ﬁom NSF Deep Science)

T HoWdeepIy does life extend into the Earth’7

i What fuels the deep biosphere?
3. How does the interplay between biology and = «

.'

L ’r’ geology shape the subsurface?

NG,

. What are subsurface genomes telling us? -

QS Did life on the earth's surface come from

underground?
Is there life as we don't know It?



1. How deeply does life extend into the Earth?

What are the factors that limit life in the deep subsurface?

e Temperature?
— ~121° C current known upper limit for life grown in the lab.
— Geothermal gradient: 10-60° C/km, average ~20° C/km.
— Temperature-limited biosphere may extend 2-12 km

— Petroleum reservoirs: microbes decline sharply at 80-90° C. Then what
else limits life?

* Pressure? Energy and nutrient availability? Pore space and connectivity?
* A combination of factors?

2. What fuels the deep biosphere?

 Transported or buried organic C (photosynthate) from the surface.
 Rock-water interactions generate “Geogas” (H,, hydrocarbons)

— Basalt-water interactions, e.g., Snake River Plain basalt aquifers (Stevens
and McKinley, 1995; Chapelle et al., 2002)

— Serpentinization, e.g., at the Lost City vent (Kelley et al., 2005)
— Granite-water interactions, Aspo Hard Rock Lab, Sweden (Pedersen, 1997)

— Radiolysis of water, e.g., Witwatersrand Basin, South Africa (Lin et al.,
2005, 2006).



Sampling the deep biosphere

ul
115
f
; 1
|

COSC Project ™ ———
Sweden 2014

——

 Drilling/coring from the
surface

o Access via deep mines or
underground labs




Drilling to great depth is cheaper If you start in a deep mine

Estimated Cost (Dollars)
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10 w== Coring from underground
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e Drilling to 2.9 km,
deep drilling --> ary- c
10,000 Taylorsvillin Basin, VA




Subcoring and tracers:

L —Parings

—— Subcore

tracers

— Solute: Br-, fluorochromes (e.g.,
rhodamine), perfluorinated
hydrocarbons

— Particulate: fluorescent
carboxylated 1-um microbeads

core diameters >2 inches
preferred

drilling methods are highly site
specific.

anaerobic glove bag

core barrels should be steam
cleaned, core barrel liners



=== Tracer in core shoe

Core splitting

Fluorescent microspheres

Figure 3. Use of tracers and subconng for geomicrobiologi-
cal sampling in a gramtic subsurface environment (Sahl et al ,
2008). (a) Fluorescent microbead tracers deployed in the core shoe,
(b) subcoring using a hammer and chisel 1n a lamunar flow hood,
(c) subcore samples n Whirl-Pak® bags, and (d) fluorescent nu-
crobead tracers in drilling mud, viewed by epifluorescence mi-

CrOsSCOpY. Kieft et al. 2015. Scientific Drilling 19:43-53



Sampling In deep mines &
underground labs

e Rocks from freshly mined
surfaces

 Fissure water from
flowing boreholes

— Filtered to concentrate cells

* including massive filtering
(~10,000 liters)

— In situ enrichment devices

o Cores -- especially useful
for sampling rock matrix,
fractures

e Biofilms







Sampling deep, ancient
fracture water
In mines
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Witwatersrand Deep Microbiology Project
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North < Wits Basin >
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DOC Characterization
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Desulforudis audaxviator
Ubiquitous in 3-km deep groundwater
Dominates clone libraries, up to 99%

Sulfate-reducer
Novel taxon
Uncultured
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FIGURE 3 | Subsurface taxonomic distribution. A bar plot of the Chloroplast, Crenarchaeota, Dictyoglomni, Elusimicrobia, Euryarchaeota,

relative abundance (eaxisl of wvarous phyla lcolort per subsurface Fibrobacteres, Gemmatimonadetes, Lentisphaerae, Mitochondria, OP1,
site (y-axis). Due to its high relative abundance, the phylum OPz, OP8, OP10, OP11, Spirochaetes, Synergistetes, TAODS,
protecbacteria was split into its comesponding classes. Members Tenericutes, TG-1, Thermotogas, TME, TMZ WS1, W53, W56, and
of the "Other” bin include: BRC1, Caldiserica, Chlamydiae, Zetaprotecbactena.

Magnabosco et al., 2014. Front. Microbiol. doi: 10.3389/fmicb.2014.00679
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Metagenomics:

Functional hierarchy

Subsystems Download chart data

has 12,446,285 predicted functions
169.2% of predicted proteins
304.1% of annotated proteins

View Subsystemns interactive chan
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Deep Underground Science
DUSEL and Engineering Laboratory @t HomEStake, SD
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Campus Development Concepts for Mid- and Deep-level Experiments
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varied geology,
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Mobile Underground Laboratory and
Experimentation (MULE)
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Single cell genomics

Phylogenetics
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Clustering-based subsystems -
Carbohydrates
Amin Acids and Derivatives
Protein Metabolism
Miscellansous
Cofaclors, Vitamins, Prosthetic Groups, Pigments -
RNA Metabolism -
DNA Metabolism
Cell Wall and Capsule
Fatty Acids, Lipids, and Isoprenoids
Nucleosides and Nucleotides -
_%_m Membrane Transport-
ages, age® | ransposable elements, Plasmids -
Cell Division and Cell Cycle-
Metabolism of Aromatic Compounds
Phosphorus Metabolism
Motility and Chemataxis
Iron acquisition and metabolism -
Nitrogen Metabolism -
Potassium metabolism -
Dormancy and Sporulation
Photosynthesis
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Targets of Interest

Access to multiple locations with varied geology

Access to locations with geological interfaces,
geochemical gradients

Access to pristine “green fields” (unmined,
unimpacted by mining)

Access at multiple depths

Access to a deep site (2-3 km) from which to
drill/core as deeply as possible

Access to ancient groundwater (> 1 Ma, preferably
>100 Ma)

Potential for abiotic H,
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